Moments of the quark density distribution, moments of the quark helicity distribution, and the tensor charge are calculated in full QCD. Calculations of matrix elements of operators from the operator product expansion have been performed on 16 3 × 32 lattices for Wilson fermions at β = 5.6 using configurations from the SESAM collaboration and at β = 5.5 using configurations from SCRI. One-loop perturbative renormalization corrections are included. Selected results are compared with corresponding quenched calculations and with calculations using cooled configurations.
INTRODUCTION
Given the detailed experimental knowledge of the light cone distributions of quarks and gluons in the nucleon, it is of interest to use lattice QCD both to calculate the quark and gluon structure of the nucleon from first principles and to reveal the underlying mechanisms giving rise to this structure. Using the operator product expansion, it is possible to calculate moments of quark distributions, and we report here the first calculations in full QCD [1] . We also compare full QCD results with quenched QCD and with configurations that have been cooled to remove all the gluon contributions except for those of instantons.
DEFINITIONS
The moments of the spin-independent structure functions F 1 (x, Q 2 ), F 2 (x, Q 2 ) and the spin-dependent structure functions g 1 (x, Q 2 ), g 2 (x, Q 2 ) are related to products of Wilson coefficients C n (Q 2 /µ 2 ) times hadronic matrix elements: * Talk presented by J. W. Negele. Work supported in part by the U.S. Department of Energy (DOE) under cooperative research agreement # DE-FC02-94ER 40818.
These matrix elements, denoted x n q (which
n+1 in the notation of ref. [2] ), x n ∆q (which equals
n [2] ) and d, as well as the moments of the transversity distribution h(x, Q 2 ), x n δq , are related to expectation values of the following operators in the proton ground state:
In the parton model, these matrix elements correspond to the following moments of quark longi- 
SOURCES
Connected diagrams are calculated using sequential propagators generated by the upper two components of the nucleon source
The overlap with the physical proton ground state was optimized using Wuppertal smearing [3] to minimize the con- Figure 1 shows that varying the smearing reduced P by over 4 orders of magnitude, yielding an overlap with the physical ground state of approximately 70%. Dirichlet boundary conditions were used for quarks in the t-direction.
OPERATORS AND PERTURBATIVE RENORMALIZATION
The continuum operators defined above are approximated on a discrete cartesian lattice using representations of the hypercubic group that eliminate operator mixing where possible and minimize the number of non-zero components of Table 1 Operators used to measure moments of quark distributions H(4) mix p lattice operator The perturbative renormalization coefficients we have calculated and used in this work are tabulated in Table 2 [4] . The factor to convert lattice results to the continuum M S scheme is Z(g 
RESULTS
The moments listed in Table 1 full QCD at β = 5.6 using 200 SESAM configurations at each of 4 κ ′ s and at β = 5.5 using 100 SCRI configurations at 3 κ ′ s. They were also calculated with two sets of 100 full QCD configurations cooled with 50 cooling steps and in quenched QCD at β = 6.0 using 200 configurations at each of 3 κ ′ s. Typical chiral extrapolations for operators calculated with nucleon momentum equal to zero are shown in Figure 2 for full and quenched calculations of xq and x∆q , showing agreement within statistical errors. To avoid finite volume errors at the lightest quark mass, the SESAM [5] results were extrapolated using the three heaviest quark masses. Table 3 shows a major result of our work, that there is complete agreement within statistics between full and quenched results. Statistics with the SCRI configurations [6] are not yet adequate to present extrapolations in the coupling constant.
Typical chiral extrapolations for cooled configurations are compared with the corresponding uncooled full QCD calculations in Figure 3 . This qualitative agreement between cooled and uncooled results occurs at light quark mass for all the twist-2 matrix elements we calculated and demonstrates the degree to which the instanton content of the configurations and their associated zero modes dominate light hadron structure [7] . Comparison in Table 3 of our quenched results with those of the QCDSF collaboration [2] and the full QCD results with those of Wuppertal [5] shows complete consistency. Since the phenomenological quantity q val [8] does not correspond precisely to the connected diagrams we calculate, the most meaningful comparison is with u − d differences. The two most physically significant discrepancies arising from this table are the fact that the difference in first moment is ∼ 0.25 -0.29 on the lattice and 0.18 experimentally and the axial charge is ∼ 1.0 -1.1 on the lattice and 1.26 experimentally. We have clearly shown that these discrepancies do not arise from quenching and believe both indicate inadequate treatment of the pion cloud of the nucleon due to the small physical volume and heavy quark mass.
